Summary. Eggs obtained from young virgin and aged parous female mice were fertilized in vitro to compare the incidence of aneuploidy in the resulting first-cleavage embryos. There was a significantly higher incidence of aneuploidy in the aged group (7\m=.\5% versus 3\m=.\3% and this was due solely to a higher proportion of trisomic female chromosome complements; there was no difference in the incidence of monosomics. These results thus suggest that non-disjunction occurs more frequently in eggs from older females, leading to the production of aneuploid embryos.
Introduction
The relationship between maternal age and the incidence of human trisomy is now well established from studies of abortuses (Alberman, Creasy, Elliott & Spicer, 1976) . Many attempts have been made with the laboratory mouse to verify experimentally this relationship between age and aneu¬ ploidy, but results have proved inconclusive. The task is made more difficult because the proportion of fetuses which are aneuploid decreases as pregnancy proceeds (Ford & Evans, 1973) ; Goodlin (1965) was unable to find any aneuploids among 756 newborn mice from aged mothers. Yamamoto, Endo & Watanabe (1973) compared 10-5-day-old fetuses from aged and young females and found 10 aneuploids among 156 embryos (6-5 %) in the aged group, significantly more than the 2 among 149 controls (1-3 %), although 6 of those in the aged group were mosaics which generally arise after ferti¬ lization by non-disjunction during the early cleavage stages (Vickers, 1969) . If the mosaics are excluded, there is no significant difference in the incidence of aneuploidy.
In addition to such direct observations, much indirect evidence has been presented to relate maternal age and the incidence of aneuploidy in the mouse. Henderson & Edwards (1968) reported that oocyte chiasma frequency declined with maternal age in the mouse, this decline being correlated with an increase in univalent formation. Although this observation has since been confirmed by Luthardt, Palmer & Yu (1973) , Polani & Jagiello (1976) found that the observed frequency of univalents at first meiotic metaphase did not correspond to the numbers of chromosomal anomalies at the second meiotic division and they concluded that the data could not account for an age effect. Studies based on chiasma frequency and observation of univalents may therefore produce over¬ estimates of the incidence of embryonic aneuploidy. Martin, Dill & Miller (1976) have reported an increased incidence in hyperploidy (n + 1) in oocytes at metaphase of meiosis II recovered from old CBA females compared with those from young animals, but again this does not necessarily indicate the increased production of aneuploid embryos. Even if non-disjunction occurs in some oocytes, they may not be fertilized. Apart from these cytogenetic observations, there is some genetic evidence to support a reduction in chiasma frequency with age (Fisher, 1949; Bodmer, 1961 ; Reid & Parsons, 1963) , although a recent study in the mouse has failed to confirm this (Wallace, MacSwiney & Edwards, 1976) .
A study of preimplantation stages avoids the problem of post-implantation losses and should give more useful data on the primary incidence of aneuploidy. Gosden (1973) found 4 aneuploids in a group of 58 morulae and blastocysts (6-9%) from aged females compared with the single trisomie among 47 embryos of similar stages (2-1 %) taken from young females. This result suggests an agerelated effect but is limited by the small numbers of embryos analysed.
An analysis of the chromosome complements of 1-cell mouse embryos provides a better method of determining the effect of maternal age on the primary incidence of embryonic aneuploidy. In such embryos, the egg-derived chromosomes can be distinguished from the sperm complement because of their differential condensation (McGaughey & Chang, 1971 ; Donahue, 1972) . By using males with a T6 marker chromosome, we have shown that it is possible to distinguish male and female chromo¬ some complements in nearly all first-cleavage embryos fertilized in vitro (Maudlin & Fraser, 1977) ; sperm penetration in vitro occurs within a relatively short time so that the embryos represent a fairly synchronous population, unlike ones recovered from different females following natural mating. Furthermore, the proportion of such embryos giving preparations which can be scored for aneuploidy is high (>80 %). In the present study, we have used chromosomal analysis of first-cleavage mouse embryos to compare the incidence of aneuploidy in eggs obtained from aged parous and young virgin TO females and fertilized in vitro by spermatozoa obtained from young TO males.
Materials and Methods
Young (2-4-month-old) virgin and aged (8-10-month-old) parous TO females were used; the old females had reached the age when reproductive efficiency has begun to decline in TO mice (C. M. Hetherington, personal communication). Vasectomized TO males were introduced into the cages of the aged females every 2 weeks to maintain cyclicity until the females were used. The vaginas of the females were examined (Champlin, Dorr & Gates, 1973) weekly to verify that oestrous cycles were occurring; there was no indication that the mice were becoming anoestrous. All females were induced to superovulate with 7-5 i.u. PMSG (Gestyl; Organon) and 50 i.u. hCG (Pregnyl; Organon), and were killed 13 h after the hCG injection for recovery of unfertilized eggs. Epididymal TO sperm suspensions were prepared (Fraser & Drury, 1975 ) from 2-4-month-old males, preincubated for 2 h to ensure capacitation (Fraser & Drury, 1976) , diluted to 2 IO6 spermatozoa/ml, and eggs were added. Incubation and processing of 1-cell embryos for chromosome analysis were carried out as described previously (Maudlin & Fraser, 1977) . In both groups the fertilization level, as determined by the presence of second polar bodies, was approximately 80 %. Results Table 1 shows the incidence of aneuploidy in the two groups of embryos from aged and young females. The data have been partitioned into female-derived aneuploidy, male-derived aneuploidy and embryonic (male + female/2) aneuploidy. Because of the differential condensation of female Male-derived 0(0%) 2(0-5%) 4(1-4%) 1(0-2%) complement Embryonic incidence 9(2-7%) 9(2-1%) **16(4-8%) 5(1-2%)
•21/375(5-6%) 11/434(2-5%) 4/293(1-4%) 3/419(0-7%)
•25/334(7-5%) 14/427(3-3%) and male complements for the first cleavage division, the male chromosomes are sometimes still in late prophase and do not yield confident counts; therefore the number of confident female counts exceeds the male counts. There was a significantly greater incidence of aneuploidy in the embryos from the aged females (7-5 %) compared with the control group (3-3 %; = 0012). Separate analysis of the male-derived and female-derived frequencies showed that this embryonic difference was due solely to differences between the female complements of the two groups. Moreover, analysis of the female data showed that there was no significant difference between groups in the incidence of monosomy (P = 0-457) ; rather, the difference lay in the incidence of trisomy (P = 0-023).
Discussion
The present work has demonstrated a significant increase in the incidence of aneuploidy in 1-cell mouse embryos from aged parous females compared with that observed in embryos from young virgin females, both groups being fertilized in vitro. Moreover, this difference was due to an excess of trisomies which, unlike monosomics, are less likely to be artefactual. This result is of particular interest because, in man, few autosomal monosomic abortuses have been found although trisomie spontaneous abortuses are common (Polani, 1970) . It has been assumed that monosomics and triso¬ mies are produced with approximately equal frequencies at fertilization, but that post-implantation selection due to lower viability of monosomics results in the observed differences later in development (Ford & Evans, 1973) .
In none of our other studies on first-cleavage mouse embryos have we detected any significant difference in the incidence of either monosomy or trisomy between embryos fertilized in vitro and in vivo, indicating that the system itself does not generate such anomalies (Maudlin & Fraser, 1977 Our results are consistent with the idea that the probability of-meiotic non-disjunction increases with maternal age, thus leading to an increased incidence of aneuploid embryos. In the mouse, our results suggest that there is a preferential production of trisomie, rather than monosomic, embryos.
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